INTRODUCTION
============

Death rates from coronary heart disease (CHD) have declined substantially in the United States and Western countries in recent decades ([@B1]). In contrast, the Asia-Pacific region accounts for about half of the global burden of cardiovascular disease (CVD) ([@B2]). Moreover, recent mortality from ischemic heart disease has increased 2.4-fold since 1990 in Korea ([@B3]). The decline of mortality from CHD in Western countries is attributable to changes in risk factors and medical therapies based on a variety of evidence ([@B1]). Conversely, the increase in the death rate from CHD in Asia may be due to a gradual increased exposure to Westernized lifestyles.

Several clinical trials have reported no association between homocysteine-lowering therapy and reduction of CVD events ([@B4], [@B5]). However, these trials lacked sufficient statistical power to confirm the association between serum homocysteine levels and CVD ([@B6]). Hyperhomocysteinemia is widely recognized as a major independent risk factor for CVD, comparable to the effect of smoking or hyperlipidemia ([@B7]). Moreover, hyperhomocysteinemia is an easily modifiable risk factor for CVD ([@B8]). Therefore, a study identifying factors that effectively lower the serum homocysteine levels in an Asian sample with an increased risk for CHD is warranted. In particular, the factors that determine serum homocysteine levels, including lifestyle factors, need to be ascertained.

The results of previous work have suggested that serum concentrations of homocysteine may be influenced by the following factors: demographic factors (increased age, male sex, and ethnic origin); genetic variations (the methylenetetrahydrofolate reductase and cystathionine β-synthase gene); physiological and clinical factors (reduced renal function, increasing muscle mass, and deficiencies in folate, vitamin B12, and vitamin B6); disease states (diabetes mellitus, hypothyroidism, nephropathy or end-stage renal disease, and obesity); hormonal factors (menopause, thyroid deficiency, and some oral contraceptive use); lifestyle factors (smoking, excessive alcohol consumption, low intake of folate and B-vitamins, excessive coffee consumption, and lack of physical activity); and several drugs (including folate-, vitamin B12- and vitamin B6-antagonists) ([@B8], [@B9]).

Several studies have attempted to determine the factors involved in regulating homocysteine in Asia; however, most have been based on medical patients or pregnant women. A few population-based studies have been conducted, but had small population samples ([@B10], [@B11]) or were restricted to associations with physiological factors, such as serum folate and vitamin B12 concentrations ([@B12]). To date, no comprehensive studies on the various factors that determine the serum concentrations of homocysteine have been carried out in Korea. Therefore, we assessed the acquired (i.e., physiological and clinical factors, disease state, and hormonal factors) and behavioral determinants of homocysteine concentration and interaction effects between these factors through a comprehensive survey of a community-based Korean population.

MATERIALS AND METHODS
=====================

Subjects
--------

This study, which is part of a population-based cohort study on CVD, was conducted in a rural area (Yangpyeong County) of Korea. All adults who were greater than 20 yr old in the targeted villages were invited to the Health Examination Service in cooperation with the Yangpyeong Public Health Center. Among a total of 907 adults who participated in this comprehensive examination survey from February 2001 to February 2002, serum samples from 889 subjects were available for the analysis of serum total homocysteine (tHcy), folate, and vitamin B12. A total of 18 participants were excluded from the final analysis due to the absence of clinical data (three people) and incomplete questionnaires (15 people). Therefore, 871 subjects were included in the current study. The mean age of 364 men was 55.8±13.3 yr (range 19-88) and of 507 women was 54.9±13.5 yr (range 19-87). The study protocol was approved by the Institutional Review Board of Hanyang University Hospital (2002-2).

Data collection
---------------

All screenings and interviews were performed by trained staff in the Yangpyeong Community Health Center of Hanyang University. A detailed description of this study\'s methodology has been published in our previous study aimed at establishing a reference value for serum tHcy using the same sample ([@B13]).

Questionnaire
-------------

Face-to-face interviews were conducted by trained interviewers. The questionnaire was composed of demographics (age, sex, marital status, occupation, education, and income), family history, medical history, reproductive history (menopause, oral contraceptive use), lifetime tobacco usage, alcohol consumption, physical activity, and coffee consumption (consumption frequency per month, week, or day).

Physical examinations
---------------------

After changing into supplied clothing, each participant\'s height and weight were measured according to the study protocol. Body mass index (BMI) was calculated as the ratio of weight to height squared (kg/m^2^).

Blood sample collection and biochemical analysis
------------------------------------------------

Venous blood samples were obtained after at least an eight-hour fast. Within two hours after blood collection, one 10-mL plain tube was centrifuged at 2,500-3,000 rpm for 10 min and the serum fraction was separated into several aliquots. The serum was put in ice and transported to the laboratory. Serum creatinine was assayed using a Hitachi 747 analyzer (Hitachi High-Technologies Corporation, Tokyo, Japan) on the same day it was drawn. The remnant blood samples were then stored at -70℃, and then the serum concentrations of tHcy, folate, and vitamin B12 were determined using a microparticle immunoassay (MPIA) on an Axsym machine (Abbott Diagnostics, Abbott Park, IL, USA).

Statistical analyses
--------------------

In our previous study ([@B13]) aimed at establishing a reference value for serum tHcy, we used 506 out of 889 subjects as a reference population. These subjects had adequate serum levels of folate (≥11.3 nM/L), vitamin B12 (≥185 pM/L), and creatinine (≤110 µM/L for men and ≤90 µM/L for women), after excluding individuals with a medical history of angina or myocardial infarction from the study sample. The sex-specific 2.5th and 97.5th percentile values for the tHcy concentration in the reference population were then determined as reference intervals according to the guidelines of the Clinical and Laboratory Standards Institute ([@B14]). Levels that exceeded the sex-specific 97.5th percentile values (15.31 µM/L for men, 12.69 µM/L for women) were defined as hyperhomocysteinemia. Serum folate was classified as deficient (\<6.8 nM/L), borderline (6.8-11.2 nM/L), or normal (≥11.3 nM/L) ([@B15]). Serum vitamin B12 was classified as deficient (\<148 pM/L), borderline (148-184.9 pM/L), or normal (≥185 pM/L) ([@B16]). Elevated levels of serum creatinine were defined as \>110 µM/L for men and \>90 µM/L for women ([@B17]). The subjects were divided into three categories on the basis of BMI: ≤normal weight (\<23 kg/m^2^), overweight (23-24.9 kg/m^2^), or obese (≥25 kg/m^2^) according to the re-defined WHO criterion for obesity in the Asia Pacific region ([@B18]).

To improve the normality of the skewed serum tHcy, folate, vitamin B12, and creatinine concentration distributions, these values were logarithmically transformed and are presented as geometric means with 95% confidence intervals. Significant differences between men and women were compared using a t-test for continuous variables and a chi-square-test for categorical variables. Significant mean differences in serum tHcy, folate, and vitamin B12 concentrations among the four age groups (\<45, 45-54, 55-64, ≥65 yr) were compared using ANOVA and the *P* values for trends were calculated by linear regression. *P* values less than 0.05 were considered statistically significant. Multivariate logistic regression was used to calculate the odds ratios (OR) and the corresponding 95% confidence intervals (CI) adjusted for the factors associated with hyperhomocysteinemia. Previous studies have reported that smokers ([@B19]) and alcoholics ([@B20]) have lower blood and tissue concentrations of folate and vitamin B12. These findings suggest the possibility that the effects of smoking and alcohol consumption on tHcy levels may be mediated in part through folate. For this reason, we excluded folate and vitamin B12 in the statistical model for examining the effect of smoking and drinking. Analyses were conducted using SPSS 12.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The distributions of the general characteristics and variables that were expected to contribute to serum homocysteine concentration are shown in [Table 1](#T1){ref-type="table"}. The mean tHcy concentration was higher in men compared to women (11.2 µM/L for men, 8.4 µM/L for women, *P*\<0.001). Also, the prevalence of hyperhomocysteinemia among men (13.5%) was significantly higher than that of women (7.9%). The rates of higher education and current smoking and alcohol drinking as well as the mean concentration of serum creatinine were significantly higher in men compared to women, while the prevalence of obesity (\>25 kg/m^2^) and the mean concentrations of serum folate and vitamin B12 were significantly higher in women compared to men. Only 14% of the men and 2.8% of the women were classified as folate deficient on the basis of a 6.8 nM/L cutoff point.

[Table 2](#T2){ref-type="table"} shows the means and 95% CI for the serum concentrations of tHcy, folate, and vitamin B12 according to four age groups (\<45, 45-54, 55-64, ≥65 yr). The mean tHcy concentration increased significantly with age in both men (*P* for trend \<0.001; 10.3 µM/L for men \<45 yr vs. 12.3 µM/L for men ≥65 yr) and women (*P* for trend= 0.001; 7.3 µmM/L for women \<45 yr vs. 9.9 µM/L for women ≥65 yr). However, the serum concentrations of folate and vitamin B12 were not associated with increased age.

The associations between hyperhomocysteinemia and serum folate, vitamin B12, or creatinine levels are described in [Table 3](#T3){ref-type="table"}. Both folate deficiency (OR, 10.8; 95% CI, 4.35-26.9 in men; OR, 4.55; 95% CI, 1.01-20.6 in women) and vitamin B12 deficiency (OR, 2.67; 95% CI, 1.09-6.50 in men; OR, 6.00; 95% CI, 2.48-14.6 in women) were significantly associated with hyperhomocysteinemia. The prevalence of hyperhomocysteinemia was highly increased with the degree of folate deficiency (6.2% for men and 4.7% for women in the normal group vs. 35.3% for men and 28.6% for women in the deficient group) and vitamin B12 deficiency (11.6% for men and 6.0% for women in the normal group vs. 26.8% for men and 30.2% for women in the deficient group). Elevated serum creatinine was also highly associated with the risk of hyperhomocysteinemia (OR, 19.7; 95% CI, 4.79-81.2 in men; OR, 19.6; 95% CI, 3.96-96.7 in women).

As shown in [Table 4](#T4){ref-type="table"}, the risk of hyperhomocysteinemia was significantly increased when both serum folate and vitamin B12 were deficient (OR, 31.7; 95% CI, 7.20-139.8). In addition, the interaction between folate and vitamin B12 concentrations was significant (*P*\<0.001).

[Table 5](#T5){ref-type="table"} shows the associations between hyperhomocysteinemia and family history, disease status, or hormonal and lifestyle factors. Only a family history of stroke was significantly associated with the risk of hyperhomocysteinemia in women (OR, 3.49; 95% CI, 1.34-9.06). Diabetes mellitus, BMI, hormonal factors (menopause and oral contraceptive use), and behavioral factors (smoking, alcohol drinking, coffee consumption, and sedentary time) were not associated with the risk of hyperhomocysteinemia.

[Table 6](#T6){ref-type="table"} shows the risks of hyperhomocysteinemia according to the total number of the four selected risk factors (serum folate and vitamin B12 deficiency, elevated creatinine, and family history of stroke) in each sex and age group. In contrast to subjects without any risk factors, the risk of hyperhomocysteinemia was steeply increased in subjects with two or more risk factors. This was especially true in both men and women over the age of 65 (OR, 33.5; 95% CI, 3.71-302.0 in men; OR, 39.2; 95% CI, 7.95-193.2 in women).

DISCUSSION
==========

The mean serum concentrations of tHcy in our study population (11.2 µM/L in men, 8.4 µM/L in women) were lower than those of healthy adults in Japan ([@B21]) and north China ([@B12]). However, the mean concentrations from our study population were higher than those of healthy adults in the US ([@B22]) and were similar to the Singapore Chinese ([@B23]) and a rural population of Costa Rica ([@B24]). In addition, the serum concentration of tHcy in our subjects were similar to that of 195 healthy Koreans selected in a hospital setting ([@B10]), but lower than that of 204 healthy Korean visitors to a medical center ([@B11]). These differences in tHcy concentrations can be attributed to variations in the blood concentrations of folate and vitamin B12 in the population of each country. Folate deficiency was not common in our study sample; only 14% of men and 2.8% of women were classified as folate deficient (\<6.8 nM/L), compared to 37% in the north Chinese population ([@B12]) and 31% of urban women and 40% of rural women in Costa Rica ([@B24]) using the same criteria. This lower prevalence of serum folate deficiency seems to be due to higher consumption of vegetables, including kimchi, in Koreans. Kimchi is one of the main sources of folate in Korean foods ([@B25]). Additionally, the serum folate deficiency rate in our rural population was lower than that of urban Koreans (17.7% in men and 7.7% in women), who were also found to have a higher mean tHcy concentration than that of our subjects ([@B11]). Based on the 2005 Korea National Health and Nutrition Survey (KNHANES), this finding can be explained by the greater consumption of vegetables and kimchi in the rural population compared to the urban population ([@B25]). In our study, serum deficiency of folate or vitamin B12 was significantly associated with the risk of hyperhomocysteinemia. Furthermore, the risk of hyperhomocysteinemia was largely increased in subjects with deficient concentrations of folate and vitamin B12 compared with persons who have adequate concentrations of both vitamins (OR, 31.7; 95% CI, 7.20-139.8). The interaction between folate and vitamin B12 concentrations was significant. These results can be explained by homocysteine metabolism, in which the remethylation process of homocysteine is dependent on a vitamin B12-denpendent enzyme and folate in the form of 5-methyltetrahydrofolate ([@B8]).

In our study, serum tHcy concentrations increased significantly with age in both men and women, whereas serum concentrations of folate and vitamin B12 did not decrease with age. This indicates that the serum tHcy levels in the older age group may be influenced by other factors related to homocysteine metabolism rather than vitamin levels, such as the decreased activity of several related enzymes ([@B26]), physiologic decline in renal function ([@B27]), and hormonal changes ([@B28]) in the elderly. In our study, the risk of hyperhomocysteinemia was more dramatically increased in women over 65 yr of age than in men of the same age group (OR, 6.03; 95% CI, 2.02-19.7 in women over 65 yr; OR, 2.74; 95% CI, 1.04-7.22 in men over 65 yr), but the age effect in women disappeared after controlling for menopause (data not shown). Mechanisms of increased tHcy levels after menopause are largely unknown. Previous work suggests that higher postmenopausal tHcy levels may be related to the lower methionine transamination or estrogen deficiency ([@B28]).

With regard to the factor of sex, the mean concentration of tHcy in men was significantly higher than the concentrations measured in women. This can be partly explained by the significantly lower serum folate and vitamin B12 concentrations in men compared to women. However, the mean difference in tHcy concentrations between men and women still remained significant after controlling for serum folate and vitamin B12 levels (data not shown). This residual sex difference may be explained by tHcy formation in connection with the creatine/creatinine synthesis that is proportional to muscle mass ([@B8]). It remains to be established whether this difference is caused by the smoking, alcohol consumption, and dietary habits of men. However, our study could not find any associations between these habits and hyperhomocysteinemia in either sex.

In our study, none of the behavioral factors (smoking, alcohol consumption, coffee consumption, and physical inactivity) were associated with the risk of hyperhomocysteinemia. Relationships between cigarette smoking and plasma homocysteine concentrations are controversial ([@B12], [@B21], [@B23], [@B29]). In our study, the mean serum folate concentrations of current smokers were significantly lower than those of non-smokers and ex-smokers. Furthermore, subjects with lower folate concentrations showed considerably higher mean tHcy concentrations. Considering this, we expected that current smokers would have an increased risk of hyperhomocysteinemia. Contrary to our expectations, however, smoking status was not associated with the risk of hyperhomocysteinemia. Instead, the prevalence of hyperhomocysteinemia was lower in male smokers. This may be explained by the specific characteristics of smokers, such as age. The mean age (52.7±13.4 yr) of male smokers was significantly lower than the mean age (59.2±12.2 yr) of male non- and ex-smokers. However, the association between smoking and hyperhomocysteinemia before and after controlling for age was similar. There is a possibility that a residual confounding effect of other factors related to age could still be present. In addition, this unexpected result related to smoking may be due to reverse causation in that subjects with diabetes mellitus or obesity, factors considered to increase risk of hyperhomocysteinemia, may have changed their behavior to improve their health. Although our result was not significant, cigarette smoking may be indirectly associated with tHcy concentrations via folate; a Chinese study showed that the positive effect of smoking on tHcy concentrations disappeared after adjusting for plasma folate concentrations ([@B23]). Likewise, in other studies ([@B10], [@B12], [@B21], [@B23]), we have not found any association between alcohol consumption and tHcy concentrations. Besides smoking and alcohol consumption, little information has been collected on coffee consumption and physical inactivity as determinants of homocysteine concentrations in the general Asian population ([@B10], [@B23]). Although coffee consumption ([@B30]) and physical inactivity ([@B29]) have been shown to increase the risk of hyperhomocysteinemia in some Europeans and Americans, a Chinese study ([@B23]) did not detect any association between behavioral factors (daily coffee consumption, weekly exercise, cigarette smoking, and alcohol consumption) and plasma tHcy concentrations after adjusting for plasma folate concentrations. In addition, another Korean study also reported that behavioral factors, such as cigarette smoking, alcohol consumption, and coffee consumption, did not influence plasma tHcy levels ([@B10]).

Although serum concentrations of folate and vitamin B12 appear to be strong determinants of hyperhomocysteinemia, the risk of hyperhomocysteinemia cannot be explained by a single factor; Homocysteine increased with age, regardless of the lack of associations between age and serum folate and vitamin B12 concentrations. Also, differences in tHcy concentrations between the sexes remained after controlling for serum folate and vitamin B12. In line with this, we hypothesized that the risk of hyperhomocysteinemia may be increased more by several combined factors than by any single factor. Considering this explanation, we estimated the risk of hyperhomocysteinemia according to the number of risk factors (deficiencies in serum folate and vitamin B12, elevated serum creatinine, and family history of stroke). We found that the more risk factors a participant had, the higher the risk for hyperhomocysteinemia. This finding was especially pronounced in elderly men and women.

One of the limitations of this study is that we cannot clarify the causality of folate and vitamin B12 in hyperhomocysteinemia due to the cross-sectional design of the study. Also, the representativeness of our study population as well as sample size is lack. Regardless of these limitations, this study is the first study to explore the determining factors for serum tHcy concentrations in a community-based study with Korean sample. In the future, we will follow up this cohort to confirm the associations between serum tHcy concentrations and the onset or death from CHD.

In conclusion, increased age, male sex, family history of stroke, deficiencies of serum folate and vitamin B12, and elevated serum creatinine are important determinants of serum tHcy concentrations with interaction effects between these factors in a community-based Korean population.
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Distribution of the general characteristics and serum concentration of homocysteine, folate, vitamin B12, and creatinine in the study subjects
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^\*^arithmetic mean±SD; ^†^geometric mean (95% confidence interval); ^‡^Only first-degree relatives were included, ^§^sum of the time spent sedentary while eating at a table, watching TV, driving the car and taking the bus, sitting indoors (reading a book, knitting, or talking, etc.), and working in a seated position; ^∥^cut-off points of hyperhomocysteinemia \>15.31 µM/L for men and \>12.69 µM/L for women; ^¶^\>110 µM/L for men and \>90 µM/L for women; *P* values for differences between men and women were calculated by a t-test for continuous variables and by a χ^2^-test for categorical variables.
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Serum concentrations of homocysteine, folate, and vitamin B12 by sex and age
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Different letters indicates significant differences according to ANOVA (*P*\<0.05); ^\*^geometric mean (95% confidence interval); ^†^*P* for trends were calculated by linear regression.
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Risk of hyperhomocysteinemia in relation to serum levels of folate, vitamin B12, and creatinine by sex
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OR, odds ratio adjusted for age and serum concentrations of folate, vitamin B12, and creatinine; ^\*^cut-off points of hyperhomocysteinemia were \>15.31 µM/L for men and \>12.69 µM/L for women; ^†^\>110 µM/L for men and \>90 µM/L for women; ^‡^*P*\<0.05; ^§^*P*\<0.01.
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Interaction effects of serum folate and vitamin B6 levels on hyperhomocysteinemia
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OR, odds ratio adjusted for sex, age, and serum creatinine levels; ^\*^*P*\<0.01; ^†^interaction between folate and vitamin B12 was statistically significant (*P*\<0.001).
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Risk of hyperhomocysteinemia in relation to family history, disease state, and hormonal and lifestyle factors by sex
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OR, odds ratio adjusted for age, serum concentrations of folate, vitamin B12, and creatinine; ^\*^adjusted for only age and serum creatinine; ^†^sum of the time spent sedentary while eating at a table, watching TV, driving the car and taking the bus, sitting indoors (reading a book, knitting, or talking, etc.), and working in a seated position, which was classified into tertile groups; ^‡^*P*\<0.05.
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Risk of hyperhomocysteinemia in relation to the number of the four selected risk factors by sex and age
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^\*^Folate deficiency (\<6.8 nM/L), vitamin B12 deficiency (\<148 pM/L), elevated creatinine (\>110 µM/L for men and \>90 µM/L for women), and family history of stroke; ^†^cut-off points of hyperhomocysteinemia were \>15.31 µM/L for men and \>12.69 µM/L for women; OR, odds ratio adjusted for age within two age groups (\<65 yr and ≥65 yr); ^‡^*P*\<0.05; ^§^*P*\<0.01.
